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EUROPEAN DOMESTIC HEAT PUMPS WITH CAPACITY CONTROL 
Niels J~rgen Josiassen 
Danfoss, Nordberg, Denmark 
ABSTRACT 
The use of heat pump systems for domestic 
heating in Northern Europe is characterized 
by long function periods with moderate am-
bient temperatures during which the system 
will run on partial load. Under these con-
ditions, the system can be effectively im-
proved by adapting capacity to actual de-
mand. By computer simulation, different 
grades of capacity modulation are des-
cribed and compared. As an example of such 
a compressor, the newly-introduced twin 
compressor for domestic heat pump systems 
is described. 
INTRODUCTION 
In Northern Europe a significant interest 
in heat pumps for domestic heating has 
arisen in recent years and there are now 
large numbers of models on the market. 
There were initial difficulties with heat 
pumps, but an acceptable level of re-
liability and performance has been reached. 
Looking ahead however, if the heat pump is 
to be able to compete against other equip-
ment there is still need to optimize com-
ponents and functions. 
capacity regulation is a special problem, 
for a heat pump under European climatic 
conditions will run on partial load for a 
large part of its operating time. Normally, 
capacity is controlled by on/off compressor 
control. This is simple and cheap, but it 
has a disadvantage in that it increases 
system losses and increases the risks of 
creating unsuitable operating conditions. 
With the help of computer simulation and 
based on a "traditional" European heat pump 
system, this paper describes some of the 
consequences of using a compressor with 
adjustable regulation. It also describes 
a newly-introduced twin compressor suitable 
for domestic heat pump systems. 
DOMESTIC HEAT PUMPS IN NORTHERN EUROPE 
Domestic heat pump systems in Northern 
Europe are almost exclusively linked to 
heating since air conditioning is seldom 
seen in private dwellings. "Northern Eu-
rope" in this context means, mainly, Sweden, 
Denmark, West Germany and the Benelux 
countries. It is in these areas that heat 
pumps have the widest use at present. 
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Extremes of temperature in Northern Europe 
are short-lived. An example is shown in 
fig. 1. Here the number of hours with heat 
demand in the course of a year (a Danish 
reference year) are given. The outside 
temperatures used to dimension heating sys-



















AMB_ TEMP. "C 
'l'em:perature distribution in the 
Danish reference year 
Heat distribution systems are normally de-
signed as hydronic or as direct resistance 
heating. The heat pump systems are mainly 
hydronic. The heat source can be outside 
air or water; the latter direct from well 
bores or in the form of brine from ground 
coils. 
In Scandinavia, water/water systems domi-
nate whereas in the rest of Northern Eu-
rope the use of air/water and water/water 
is equally divided. A predominant use of 
air/water systems is anticQpated in the 
future. 
water/water systems are often dimensioned 
to cover the full heating requirement of a 
dwelling, while air/water systems are often 
combined with another source of heat to 
meet heat demands during peak loading 
(hybrid system) . This secondary heat 
source can be direct using electricity or, 
frequently, in the case of installation on 
an existing system, from an oil burner. The 
secondary heat source can be connected in 
parallel (parallel hybrid) with the heat 
pump, or may completely take over the heat 
supply (alternative hybrid) . The two sys-
tem combinations provide different heat 
pump operating ranges; parallel operation 
makes possible very low evaporating tem-
peratures, a requirement that is rare with 
hybrid alternative operation. 
•c BRINE TEMP. 
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Fig. 2 Brine temperature in a loaded 
ground coil 
The nature of the heat source also affects 
the extent of the evaporating temperature 
range. dater from a bore has a constant 
temperature (6-11 °C) irrespective of the 
time of the year, whereas the temperature 
of a ground coil varies. Outside air tern-
perature is of course directly related to 
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the time of year, as is heat demand. Fig. 
2 shows a typical distribution of the brine 
temperature for a loaded ground coil. Fig, 
3 shows the yield characteristics for three 
heat pumps, using the same compressor, for 
ground water, soil and outside air as heat 
sources. 
Fig. 3 also depicts the average heat re-
quirement for a well-insulated house. Com-
parison with the heat pump output charac-
teristic shows that only at specific points 
is there agreement. When outside temper-
atures are high the output of the heat pump 
is more than the heat requirement and the 
pump must run intermittently. With low 
outside temperatures, heat must be added 
from a supplementary heat source if the 
heat requirement is to be met. 
The heat demand for new dwellin~s in Scan-
dinavia will, according to the stipulations 
laid down by authorities, be 35-50 w;m2 for 
an average 130m2. For newly-insulated 
older buildings the requirement will be 70-
100 w;m2. Outside Scandinavia, existing 
dwellings are usually poorly insulated (70-
200 W/m2) but the future demands of author-
ities will follow those of Scandinavia. 
Where the heating of domestic hot (tap) 
water is integrated in a system, an addi-
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Fig. 3 Heat pump capacity as a function 
of the heat source 
CAPACITY CONTROL 
As mentioned in the introduction, the heat 
capacity of a heat pump is normally simply 
on/off controlled. An exception is large 
plant (30 kW or more) with semihermetic 
compressors equipped with cylinder un-
loading. On/off control is cheap and re-
liable but does give some operational dis-
advantages. Fig. 3 shows that the maximum 
power requirement is 4.5 kW, whereas a heat 
pump with outside air as the heat source 
will yield 8.3 kW to cover this requirement 
when outside temperatures are high. This 
yield, in relation to middle and high out-
side temperatures will not just mean high 
intermittence, it will severely load the 
heat exchangers. Both factors reduce sys-
tem efficiency. 
Another problem is presented by unexpected 
events like the sudden breakdown of fans, 
circulation pumps, etc. The larger the 
capacity the faster will the heat pump be 
exposed to dangerous operating conditions; 
the electricity supply will more severely 
loaded than necessary and must therefore 
be over-dimensioned in relation to the 
actual demand. 
To eliminate thsse risks or reduce the 
losses and disadvantages from on/off con-
trol, compressor capacity can be made modu-
lating, either in stages or continuously. 
Several authors have presented solutions 
and assessed their practical use, e.g. /2/. 
As regards small and medium size hermetic 
compressors, the most important possi~ 
bilities are: 
1. Twin compressors 
2. Two-speed compressors 
3. Frequency-controlled compressors 
4. Blocked suction cylinder unloading 
Of these proposals, the twin compressor 
is the most frequently emphasized as being 
the most suitable when taking into account 
costs, efficiency and reliability. The 
frequency-controlled compressor might sub-
sequently become a competitor because of 
the continued development of better and 
cheaper power electronic components. 
Having said all this however, it must be 
made clear that capacity-modulating com-
pressors involve increased demands for 
optimized systems so that improved effi-
ciency does not become absorbed by other 
losses. For example: 
Expansion valves must operate in the double 
dynamic area. They must be chosen and set 
with care so that minor temperature differ-
entials across the evaporator are not 
counteracted by increased superheating of 
the gas from the evaporator, something that 
will result in lower suction pressure. 
Distribution of refrigerant in the evapor-
ator can become uneven with lower mass flow. 
Oil feedback can be compromised. 
(Regarding evaporator design, the last two 
points require much attention} • 
Auxiliary ene~y for fans and circulation 
pump must be carefully related to require-
menta so that energy saving on the com-
pressor is not counteracted by increased 
energy for pumps and fans. 
Another way of modulating capacity is to 
build up a heat pump system of parallel-
connected, separate part-systems. This 
avoids the disadvantages mentioned above 
and affords the advantage of series pro-
duction. At least one European system 
manufacturer uses such a module system. 
SIMULA'l'ION 
In order to gain an idea of the most im-
portant parameters with the capacity modu-
lation of electrical heat pump systems, 
three different types of compressors 
have been compared using a simple simu-
lation programme which describes L~e basic 
relations in such systems. The three com-
pressor types are assumed as all having 
the same maximum yield and performance, 
corresponding to the compressors described 
in the following section. See fig. 9. 
Capacity modulation is considered as dis-
placement or speed reduction without chang-
ing the efficiency of the system. 
A calculation example with normal capacity 
modulation is given. This provides a ref-
erence for the simulation of a compressor 
system with two capacity stages, e.g. a 
twin compressor with two equally large 
compressor units, or a compressor with a 
2/4 pole motor. The third compressor sys-
tem can be capacity-regulated continuously 
from 100% to 20% yield, corresponding to 
what can be achieved with a frequency-
controlled induction motor. 
Simulation programme 
The programme is based on the heat require-
ment the simulated house will have in a 
climate corresponding to the Danish refer-
ence year, see fig. 1. In fig. 1, no ac-
count has been taken of temperatures be-
tween 12 and 18 oc in June, July and Au-
gust because these temperatures occur 
duting night periods where there is no 
heating demand. 
An air/water system is considered where 
any added heat is supplied to individual 
rooms direct in the fo.rm of electrical 
heat independent of the radiator system. 
The radiator system is designed so that 
the maximum occurring condensing tempera-
ture is approx. 60 °c. The specific heat 
capacity of the air is assumed constant 
and defrosting has not been taken account 
of. Compressor yield and power consump-
tion is determined by characteristics that 
match calorimeter me3surements (fig. 9}. 
'l'he programme does not therefore take ac-
count of the expansion valve or the lack 
of a regenerator. No degradation losses 
are 'included. The basic programme is des-
cribed in detail in /3/. 
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Calculated results 
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AMB.TEMP Fig. 4 Single compressor 
Fig. 4 shows that there is a balance be-tween demand and heat.pump capacity at an ambient temperature of -5 oc, after which the compressor running time falls off as temperature rises. At the same time, the temperature differential across condenser and evaporator rises. 
TABLE I 
TC = COND. TEMP. QB = HEAT DEMAND 
TE = EVAP. TEMP. QC = COMPR. CAPACITY 
TF = WATER TEMP. CUPSTRl EL • RESIST. HEAT 
TR • WATER TEMP. (DOWNSTRl KT = DUTY TIME 




SYSTEi1: MAX. COND. TEMP. 
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Fig. 6 AMB.TEMP. 
Fig. 6 shows how the continuous adaptation of compressor capacity to demand minimizes the temperature differential across con-denser and evaporator. 
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All the calculated results are collated 
in tables III, IV and V. It can be seen 
that the average compressor efficiency 
(SCOP) rises markedly with the degree of 
capacity modulation and the increase with 
the twin compressor is about 60% of the 
rise for continuous regulation. 
TABLk": III 
HOUSE: 100 M2 OF 35 W/M2 (10,6 MWH/YEAR) 
HYBRID-POINT AT T-OUT= -10oc 
COMPRESSOR SINGLE TWIN CONT, 
COMPR, POWER KWH 3367 2969 2m 
-
SUPPL, POWER KWH 11 11 11 
PUMP, + VENT, POWER KWH 709 961 1251 
COMPrl, DUTY T !ME H 2350 3902 5684 
SCOP COMPRESSOR 3.08 3.45 3' 69 
SCOP SYSTrM 2. 60 2. 61 2. 62 
TABLE IV 
HOUSE: 125 M2 OF 35 W/M2 (13,5 MWH/YEAR) 
HYBRID-POINT AT T-OUT • -5°C 
CO~PRESSOR SINGLE TWIN CONT, 
COMPR, POWER KWH 4494 41311 3931 
SUPPL, POWi:R KWH 115 115 115 
PUMP, + VENT, POWER KWH 820 1085 1299 
COMPR, DUTY TIME H 3031 4684 5981 
SCOP COMPRESSOR 2, 94 3' 19 3.36 
SCOP SYSTEM 2.49 2. 54 2.53 
TABLE V 
HOUSE: 154 M2 OF 50 W/M2 C23, 5 MWH/YEAR l 
HYBRID-POINT AT T-OUT • +2°C 
COMPRESSOR I SINGLE TWIN CONT, 
COMPR, POWER KWH 7010 673(1 6651 
SUPPL, POWER KWH 2524 2524 2524 
PUMP, + VENT, POWER KWH 1093 1257 1354 
COMPR, DUTY TIME H 4713 5717 6378 
SCOP COMPRESSOR 3' 30 3.41 3.43 
SCOI' SYSTEM 2. 21 2. 22 2.23 
_________ L_. ___ .__.,. 
'"-"" 
Equally noticeable is that the immediate 
rise in system efficiency is marginal. 
This is because the reduction in compressor 
energy consumption is counteracted by a 
rise in the energy consumption caused by 
longer fan running time. This emphasizes 
that with capacity modulation systems the 
consumption of auxiliary energy should be 
looked at and, if possible, controlled. 
As previously mentioned, no account has 
been taken of degradation losses or de-
· frosting losses in these calculations. 
Both types of losses will be lower in the 
capacity modulated systems. 
With ·the twin compressor system, degra-
ilation losses will only be of signifiance 
in temperature ranges where one compressor 
unit runs intermittently and the other unit 
does not run at all, i.e. at high ambient 
temperatures with relatively few operating 
hour·s. 
Degradation losses can only be effectively 
found by measuring relevant systems and 
such measuring has not yet been concluded. 
That is why it is difficult to give precise 
values. The assumption is however that 
they are of such a magnitude that even with 
the above results compressor capacity mod-
ulation is an attractive proposition from 
the point of view of energy saving. 
TWIN COMPRESSOR 
A capacity-regulated heat pump compressor 
wi·th a rated heat output of s .• s kW for use 
in smaller well-insulated dwellings and 
larger buildings with hybrid systems or 
module systems has been developed and in-
troduced. The compressor is designed as a 
twin compressor based o·n two compressors of 
'the ·same size in separate shells (fig. 7) • 
The ~ompressor is fitted with a common ex-
ternal suction muffler to ensure uniform 
loading of the two units. correspondingly, 
the ·oil sumps of the two units -ar·e connec-
ted with a crankcase pressure equalizing 
tube 'SO that the oil level in. them is al-
ways the same. The discharge connectors 
are lead ,out separately and have to be fit-
ted with 'checkvalves. This is necessary to 
,a'V'oid condensation in the one unit immedi-
ately after a cold start on the other unit. 
"Th-e checkvalves also lessen starting tor-
que requirements on the stationary unit 
when the other unit is running. 
Fig. 7 Twin compressor 
The compressor is oil-cooled via a tube 
coil in both oil sumps. The oil cooler 
will normally be connected direct to the 
radiator outlet (see fig. 8) but can also 
be cooled with pressure gas via a line from 
the condenser. The use of such an oil 
cooler means that the compressor can be 
completely insulated so that all compressor 
power loss can be effectively transferred 
to the heat receiver. Further, there is 
no risk of extreme temperatures in the com-
pressor when suction pressure is abnormally 
low. 
The oil cooler also ensures that during 
compressor standstill oil is held at the 
temperature of the radiator water, i.e. 
from 35 to 55 °C. This avoids refrigerant 
absorption in the oil and thereby elimin-
ates the risk of slugging. 
The compressor is equipped with two single-
phase PSC motors with start capacitors 
which enable users to choose single or 
three-phase mains installation. The star-
ting torque is sufficient for one unit to 
start while the other unit is running. On 
demand for full capacity, e.g. after de-
frosting, the start of one unit while the 
other unit has carried out a start is de-
layed in order to minimize start surge in 
the electrical wiring. 
The compressor is specially optimized for 
heat pump applications. For one thing, it 
is designed for an evaporating temperature 
range -10 to +5 oc (see fig. 10) within 
which it will run for most of its operating 
time. Likewise, the valve and muffler sys-
tem is optimized and the bearing function 
has been thouroughly examined. 
For the manufacturers of the compressor, 
the decisive factors in choosing to use two 
separate shells instead of a common shell 
were: 
Shorter development time 
Lower noise level 
Use of standard components 
As opposed to this, a common shell would 
have meant: 
Less volume 
Fewer components in production 
'!'he performance of the twin compressor with 
both units cut in is given in fig. 9. With 
one unit stopped, yield and power ~onsump­
tion are halved. The heat output is the 
sum of the measured evaporator output and 
power consumption. This is a correct ex-
pression of heat output since during normal 
use the ~ompressor is insulated and there 
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Fig. 10 EYAP. TEMP (TE) 
SUMMARY 
Using typical European heat pump systems as 
a background, two types of capacity modu-
lated compressors are compared with the 
pure on/off controlled traditional compres-
sor, using simulation und,er simplified con-
ditions. Depending on how large a part of 
the total heat demand the heat pump must 
cover, the average seasonal efficiency of 
the compressor rises 5 to 20% with infinite 
capacity regulation. Modulation in two 
stages produces 60% of this increase. 
Under simulated conditions, without fan 
output modulation and without taking acr 
count of defrosting and degradation losses, 
the rise in system efficiency is marginal. 
As far as energy and operation axe con-
cerned however, compressor capacity modu-
lation is attractive - assuming that the 
system is optimized correctly in view of 
the importance of degradation losses. 
As an example of a capacity-regulated heat 
pump compressor, a twin compressor is 
separately described. 
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